Recently, the distributed generator (DG) has been successfully studied and applied in distribution system at many countries around the world. Many planning models of the DG integrated distribution system have been proposed. These models can choose the optimization locations, capacities and technologies of DG with the objective function minimizing power loss, investment costs or total life cycle costs of the investment project. However, capacity of DG that uses renewable energy resources is natural variability according to primary energy. This study proposed a planning model of optimized distribution system that integrates DG in the competitive electricity market. Model can determine equipment sizing and timeframe requiring for upgrading equipment of distribution system as well as select DG technologies with power variable constraints of DG. The objective function is minimizing total life cycle cost of the investment project. The proposed model is calculated and tested for a 48-bus radial distribution system in the GAMS programming language.
Introduction
In the past decade, distribution system planning had major changed due to the impact of competitive electricity market, DG technological development and environmental pollutions. In particular, DG connecting directly to DS or directly supplying to customers is used as a popular planning approach. These sources normally use electric generating technologies such as gas turbines, combined heat and power, Fuel Cells, solar energy and wind energies. Therefore, the benefits of DG including reduction of transmission and distribution cost, power loss and enhancement of flexibility and reliability of DS, improvement of differential voltage at nodes as well as reduction of environmental pollution [1] . However, DG requires high investment, makes increasing the complexity in measurement and relay protection as well as operation of DS [2] . Besides, DG using renewable energy resources has the naturally variable power according to primary energy.
Many planning models of the DG integrated distribution system are already been researched and proposed. The authors in [3] presented a long-term DS planning model in order to determine capacity, location and a new building investment process or to upgrade current equipments by using popular mathematical programming. The objectives of model are the minimum total of investment and operation costs of DG, the investing cost for feeder and substation transformers during planning period. The details of DG technology is not mentioned because of the assumption that the costing functions and effects of DG in DS planning are the same, but these are impossible in reality. Another model in [4] was proposed with the objective function including the total investing and operating costs of DG, feeders and substation transformers upgrading costs, energy expenses and minimum interruptible load costs. In this research, effects of DG technology are also not mentioned in selecting variables. The objective function of the two-stage DS planning model in [5] includes the minimum of total costs for upgrading feeders, substation transformers and DG construction, energy expenses purchased from market and environmental pollution costs. Similarly, [6] introduced a DS planning model determining optimized equipment sizing and timeframe required for DS upgrading. The selection issues optimal displacement, sizing, installation period and technology of DG to meet the demand growth are presented in [6] . In previous studies, the power of DG is always assumed to be constant without regarding to the natural variability of DG capacity which depends on the primary energy, this is not practical. Therefore, this paper proposes an optimized DS planning model that integrates output power characteristics of DG in the CEM.
The next parts of this paper are organized as follows. Section II introduces a mathematical model with objective function and constraints. Section III shows calculation results from the 48-bus DS. Conclusion is presented in Section IV
The Mathematical Model
In competitive electricity market, DS are managed by distribution companies. These companies can buy electrical energy completely from electricity market or combine with investing DG in order to meet load demands in future. So, economic and technical indices of planning project are changed which affects considerably to time, upgrading capacity of feeders and substations when DG are chosen in DS planning.
Objective Function
The objective function of proposed model is to minimize total life cycle cost of the investment project during calculation period as shown in Equation (1). 
where: Components in  are upgrading costs of feeders for year t with fixed capital cost (C calculated total cost at base year with discount rate r.
The Constraints

1) Contraints for nodal power balance
The output power characteristics of each DG technology using renewable energy resources fluctuate by time of day and season in year so the power of DG is also determined by each hour, season and specially, each technology k of DG. Therefore, constraint of nodal power balance of the model proposed in the new conditions is expressed as shown in(2).
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2) Constraints of DG capacity limit These constraints allow computed DG capacity at nodes in limit of DG technology, and it ensures annually upgrading power corresponding to equipment parameters as shown in (3).
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3) Constraints of feeders capacity limits The feeders upgrading constraints and upgrading power satisfying equipment parameters are shown in(4).
4) Constraints of substation transformers capacity limits
These constraints allow to maximize the use of existing substation transformers capacity and to satisfy upgrading power corresponding to equipment parameters as (5) .
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5) Constraints of limited nodal voltage
Technical requirement constraints of limited nodal voltage are given in equation (6) . Voltages at substation nodes are assumed constantly. min , ,
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The proposed planning model is a Nonlinear Pro- 
Results and Discussions
Diagram and Parameters of Distribution System
The 38-bus and 22kV voltage radial diagram is investigated in this research as Figure 1 and is connected to 110kV transformer substation. The total active power and reactive power at the base year are 10.85MW and 7.69MVAR, respectively.
Assumptions in Analyis
This research utilizes some economic and technical assumptions for the ease of computation:
• Planning period is 5 years and annual developing rate of load demand is constant, 11.5% per year • The constructing cost of 110kV substation including fixed costs and variable costs is 0.2M$ and 0.05M$/MVA, respectively [5] . Similarly, the upgrading costs of 22kV feeders consist of 0.15M$/km and 0.001M$/MVA.km • The effects of DG technology are represented by investment, operation and fuel costs. Two DG technologies, photovoltaic and small gas turbine sources, are used in this research with the corresponding capital costs to be 4.0M$/MW and 0.5M$/MW. Average O&M and fuel costs depend on used technology and they are assumed to be 52$/MWh and 1$/MWh for photovoltaic and small gas turbine 
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• The life of the electrical equipment is usually large and depends on manufacturing technologies such as Table 2  Planning period is 5 years and annual developing rate of load demand is constant, 11.5% per year  The constructing cost of 110kV substation including fixed costs and variable costs is 0.2M$ and 0.05M$/MVA, respectively [5] . Similarly, the upgrading costs of 22kV feeders consist of 0.15M$/km and 0.001M$/MVA.km  The effects of DG technology are represented by investment, operation and fuel costs. Two DG technologies, photovoltaic and small gas turbine sources, are used in this research with the corresponding capital costs to be 4.0M$/MW and 0.5M$/MW. Average O&M and fuel costs depend on used technology and they are assumed to be 52$/MWh and 1$/MWh for photovoltaic and small gas turbine  The life of the electrical equipment is usually large and depends on manufacturing technologies such as Table 3 .  DG is manufactured in compact modules occupying small spaces and time to install is short. Hence, installing areas at load locations are not limited  Areas of upgrading of substation transformers and feeders are not limited  Constraint of limited load nodes voltage changes from 0.9pu to 1.1pu, and it should be 1.05pu at substation node  Decided variables in the model are continuous in order to reduce the complexity of the model. Hence, they should be rounded to match real equipments.
The Output Power Characteristics of DG
The output power of PV depends on the intensity of solar radiation and its performance. The power of 1MWp PV with 25% performance calculated basing on the given solar radiation intensity is presented as Figure 2 . Small gas turbines using fuel don't depend on the nature uncertainty of the primary energy source. Therefore, the output power characteristics of the DG are not restricted and can be operated at the requirements of load.
Analysis Results and Disscussions
The feasibility of the proposed model and efficiency of DG are investigated in two cases. Case A: DG is not considered when calculating DS planning. Case B: DG is integrated in the researching model. The results of calculating showed that case A need to upgrade substation transformers with a 16MVA capacity. In contrast, investment to upgrade substation transformers in case B is deferred because of the load demand increasing in the future is provided by DG. Similarly, the case B's feeders are not also upgraded during the planning period. In the case A, 12 feeders need to upgrade in the time from 3 rd year to 5 th year as represented in Table 4 . Solar PV 34 Table 5 presents optimal investment decisions of proposed planning model for DG. The total of investment capacity during planning time is 5.1MW of base year's load demands. DG investment focuses mainly on the first years of planning period and selected location of DG is far from substation so high economic and technical efficiencies are gained.
Economic indices are compared between case B and case A as in table VI. As can be seen from the Table 6 , case B holds a better economic index. Cost of DG investment and equipment upgrading (feeders and substation) are more expensive than those of case A about 8.23M$ due to a very high cost of DG investment (PV capital cost is 4.0M$/MW). However, O&M and electric energy expenses have been decreased by 1.35M$ because of very low O&M and fuel expenses of DG (PV has zero cost of fuel). Therefore, the efficiency gets higher at final years of planning period. Total life cycle cost of case B is cheaper than these of case A by 0.07M$, equal to 0.37%.
The technical indicators of DS are also improved when DG is integrated on DS planning. The power loss at maximizing load demand times is reduced 4.35% in 5 th planning years so electric energy loss decreased 6,657.6 MWh during planning period. Total of electric energy purchased from market is also decreased 71,704.25MWh corresponding to 18,635.93tons are CO 2 emission, which contributes to the decrease of environmental pollution.
The voltage loss on the feeders reduces because of DG has reduced the transmission capacity from the substation to the load. Therefore, voltage profiles at the all bus are also improved during calculation time. In particular, load node having the biggest support is 35-bus. This bus voltage profile increased from 0.81pu (case A) to 0.9pu (case B) at 18 th hour in 5 th planning year.
Conclusion
Recently, the DS planning has been changed significantly by the impacts of CEM, DG and environmental policies. DG has many benefits for DS as enhancement of flexibility and reliability, bus voltage improvement, reduction of transmission cost and power loss as well as reduction of environmental pollution. However, the investment cost of DG is expensive and DG power that uses renewable energy resources is natural variability according to primary energy so the planning and operation calculation of DS will be more difficult. Therefore, this study proposed a new optimized DS planning model that is integrated DG in the CEM. In this model, equipment sizing and timeframe required for upgrading equipment for DS well as select DG technologies with power variable constraints of DG can be determined. The objective function is minimizing total life cycle cost of the investment project. Calculation results showed that the proposed model is suitable in large DS planning calculations and the planning together with using DG pro-
